The origin of soft X-ray excess emission from type 1 active galactic nuclei has remained a major problem for the last two decades. It has not been possible to distinguish alternative models for the soft excess emission despite the excellent data quality provided by XMMNewton and Chandra. Here we present observations of time lags between the soft and hard band X-ray emission and discuss the implications to the models for the soft excess. We also device a method to distinguish the models for the soft excess using Suzaku's broadband capability. §1. Introduction
§1. Introduction
Many type 1 active galactic nuclei (AGN) show soft excess emission below ∼ 2 keV and above a hard power law. Narrow-line Seyfert 1 galaxies (NLS1s) show the extreme soft excess emission among all AGN. The soft excess emission is a smooth continuum component. It is not a blend of narrow emission/absorption features as revealed by Chandra and XMM-Newton high resolution grating observations. 10) When described as a thermal component, the soft excess emission has nearly uniform temperature in the range of ∼ 0.1−0.2 keV for AGN across a wide range in their black hole masses and luminosities. 2), 3), 7) The temperature of the soft excess emission is too hot to be optically thick emission from standard accretion disks around supermassive black holes. The origin of soft excess emission has remained a major problem in AGN research for the last two decades.
There are three possible models for the origin of the soft excess emission. One possibility is that the soft excess can be produced by thermal Comptonization in a cool (kT ∼ 0.1 keV) and optically thick (τ ∼ 10) corona. This medium is different from the hot corona responsible for the primary power-law continuum. The cool Comptonizing region could be the ionized skin of an accretion disk or an optically thick region between the disk and hot inner flow. Gierliński & Done 7) have examined this model and found inappropriate as the temperature of the cool Comptonizing region is nearly constant for AGN with a wide range in their black hole masses, luminosities and accretion rates. In 2002, Fabian et al. 6) showed that Compton reflection from a partially ionized skin on the accretion disk can reproduce the observed soft excess emission. In this model, the soft excess emission is a blend of a large number of relativistically broadened emission lines from the disk and enhanced reflection continuum due to partially ionized skin of the disk. In 2004, Gierli'nski & Done 7) typeset using PTPT E X.cls Ver.0.9 suggested that the partially ionized material is seen in absorption rather than in reflection as in the previous model. Again a large velocity smearing is required to hide the atomic line and edge features. High velocity winds arising from the accretion disk can provide the required smearing.
The three models, discussed above, describe the observed data statistically equally well. The χ 2 statistics cannot distinguish the models. 9) Also the ionized reflection and smeared wind absorption models describe the rms variability spectrum quite well and it has not been possible to identify the best model. 8), 11) Here we present cross-correlation between soft and hard band X-ray emission from the NLS1 galaxies Akn 564 and Mrk 110 and discuss implications of the measured time lags on the origin of the soft excess emission. We also discuss how Suzaku can be used to constrain the models for the soft excess emission. shows the cross-correlation function (CCF) between soft and hard band light curves, obtained from a ∼ 100 ks XMM-Newton observation, as a function of time delay. Positive delay means hard band lags the soft band. As the separation between the two bands increases, the correlation at zero lag disappears and a new correlation at positive delay (∼ 2000 s) appears. It is not easy to measure the time delay by simply fitting a function to the CCF. First, the shape of the CCF is complex and the errors on the CCF are unlikely to be normally distributed. To measure the time delay, we simulated 5000 pairs of soft and hard band light curves based on the error and count rate of the observed light curves and cross-correlated each pair. Figure 1 (right) shows the distribution of the CCF peaks. We integrated this distribution to obtain 68%, 90% and 99% confidence ranges of the time lag, τ = 1728 ± 336, 1728 ± 576 and 1728 ± 960 s, respectively. There is also evidence for energy dependent time delay from Akn 564. 1) The lag between the 0.7 − 2 keV and 5 − 10 keV bands is about a factor of two larger than the lag between the 0.7 − 2 and 2 − 5 keV bands. The lag spectrum of Akn 564 is very similar to that of Galactic black hole binaries (BHBs) in their very high states except that the time lag is about ∼ 4 − 5 orders of magnitude lower in BHBs. 1) Mrk 110 is another NLS1 galaxy that shows evidence for time delay. 4) The time delay increases as the hard band becomes harder. Figure 2 shows the time lag as a function of energy. The delay is proportional to the logE, consistent with simple Comptonization model. 4) §3. Implications of the observed time delay
The observed hard band delays from Akn 564 and Mrk 110 demonstrate that the soft excess emission cannot be the reprocessed emission of hard X-ray emission.
In the ionized reflection model, the soft excess emission is mainly a blend of a large number of broad emission lines from the disk i. e., the reprocessed emission. Most of the broad emission lines constituting the soft excess emission are excited by photons in the 1 − 2 keV band. Therefore, the soft excess emission below 0.5 keV cannot lead the 1 − 2 keV band. This is inconsistent with the observed time lag proportional to logE in Mrk 110. Also the ionized reflection model is not a statistically acceptable fit to the X-ray spectrum of Akn 564. 5) In the smeared wind absorption model, the soft excess is an artifact of the deficit of emission caused by the smeared wind absorption. models. The three models describe the observed data statistically equally well in the 0.3 − 10 keV band but differ significantly above 10 keV. The soft deficit in the smeared wind model requires steepest continuum while the ionized reflection model predicts the strongest Compton reflection emission. Figure 3 shows the comparison of the best-fitting models, extrapolated to high energies. The three models predict distinct hard X-ray spectra in the Suzaku HXD PIN band. We have simulated 200 ks Suzaku XIS+PIN spectra of Mrk 110 based on the three models derived from the XMM-Newton data. Fig. 3 (middle) shows the deviations of the simulated data from the best-fitting power law above 10 keV. Clearly the smeared absorption model is distinguished from the other two models. The three models predict different amount of reflection as seen in the deviations of the simulated data from the smeared wind model in the HXD PIN band. Thus the Suzaku's broadband capability can easily distinguish the three models for the origin of the soft excess emission.
